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[57] ABSTRACT 

A head suspension having an alignment structure for mini- 
mizing misalignments between a.fle xure a nd a load beam^ of 
the head sus pension. The load beam and the flexure of the 
head suspension include a first aperture formed near a load 
point dimple of the head suspension to provide a reference 
datum. An elongated alignment aperture is formed in the 
rigid region of the load beam, and a proximal alignment 
aperture and a distal alignment aperture are formed in the 
flexure. The elongated the aperture overlaps at least a 
portion of the proximal and distal alignment apertures in 
such a manner that the proximal perimeter edge of the 
elongated aperture encroaches on the proximal alignment 
aperture and the proximal perimeter edge of the distal 
alignment aperture encroaches upon the elongated align- 
ment aperture. This configuration of apertures allows the 
flexure and load beam to be independently aligned relative 
to each other by pins of an alignment tool that engage the 
proximal perimeter edge of the distal alignment aperture and 
the proximal perimeter edge of the elongated alignment 
aperture. 

9 Claims, 11 Drawing Sheets 
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FIGURE 1 
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FIGURE 8 
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FIGURE 9 
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FIGURE 11 
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FLEXURE AND LOAD POINT ALIGNMENT 
STRUCTURE IN A HEAD SUSPENSION 

TECHNICAL FIELD 

The present invention relates to an improved head sus- 
pension for use in dynamic storage devices and to the 
manner of constructing such an improved head suspension. 
In particular, the present invention provides features to head 
suspension components for efficiently and accurately pro- 
cessing the components during assembly of the head sus- 
pension. The present invention also provides a tool for 
efficiently and accurately processing and aligning the head 
suspension components and for aligning other components 
to the head suspension. 

BACKGROUND OF THE INVENTION 

In a dynamic storage device, a rotating disk is employed 
to store information in small magnetized domains strategi- 
cally located on the disk surface. The disk is attached to and 
rotated by a spindle motor mounted to a frame of the disk 
storage device. A "head slide r" (also commonly referred to 
simply as a "slider") having a magnetic read/write head is 
positioned in close proximity to the rotating disk to enable 
the writing and reading of data to and from the magnetic 
domains on the disk. The head slider is supported and 
properly oriented in relationship to the disk by a head 
suspension that provides forces and compliances necessary 
for proper slider operation. As the disk in the storage device 
rotates beneath the slider and head suspension, the air above 
the disk similarly rotates, thus creating an air bearing which 
acts with an aerodynamic design of the head slider to create 
a lift force on the head slider. The lift force is counteracted 
by the head suspension, thus positioning the slider at a 
height and alignment above the disk which is referred to as 
the "fly height." 

Typical head suspensions include a load beam, a flexure, 
and a base plate. The load beam normally includes a 
mounting region at a proximal end of the load beam for 
mounting the head suspension to an actuator of the disk 
drive, a rigid region, and a spring region between the 
mounting region and the rigid region for providing a spring 
force to counteract the aerodynamic lift force acting on the 
slider described above. The base plate is mounted to the 
mounting region of the load beam to facilitate the attach- 
ment of the head suspension to the actuator. The flexure is 
positioned at the distal end of the load beam, and typically 
includes a gimbal region having a slider mounting surface to 
which the slider is mounted and thereby supported in 
read/write orientation with respect to the rotating disk. The 
gimbal region is resiliently moveable with respect to the 
remainder of the flexure in response to the aerodynamic 
forces generated by the air bearing. 

In one type of head suspension, the flexure is formed as 
a separate component and further includes a load beam 
mounting region that is rigidly mounted at the distal end of 
the load beam using conventional means, such as spot welds. 
In such a flexure, the gimbal region extends distally from the 
load beam mounting region of the flexure and includes a 
cantilever beam to which the slider is mounted. A generally 
spherical dimple that extends between the load beam and the 
slider mounting surface of the flexure is formed in either the 
load beam or the slider mounting surface of the flexure. The 
dimple transfers the spring force generated by the spring 
region of the load beam to the flexure and the slider to 
counteract the aerodynamic force generated by the air bear- 
ing between the slider and the rotating disk. In this manner, 
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the dimple acts as a "load point" between the flexure/slider 
and the load beam. The load point dimple also provides 
clearance between the cantilever beam of the flexure and the 
load beam, and serves as a point about which the slider can 

5 gimbal in pitch and roll directions in response to fluctuations 
in the aerodynamic forces generated by the air bearing. 

Electrical interconnection between the head slider and 
circuitry in the disk storage device is provided along the 
length of the head suspension. Conventionally, conductive 

10 wires encapsulated in insulating tubes are strung along the 
length of the head suspension between the head slider and 
the storage device circuitry. Alternatively, an integrated lead 
head suspension, such as that described in commonly 
assigned U.S. Pat. No. 5,491,597 to Bennin et al., that 

15 includes one or more conductive traces bonded to the load 
beam with a dielectric adhesive can be used to provide 
electrical interconnection. Such an integrated lead head 
suspension may include one or more bonding pads at the 
distal end of the traces to which the head slider is attached 

20 and that provide electrical interconnection to terminals on 
the head slider. The conductive trace can also be configured 
to provide sufficient resiliency to allow the head slider to 
gimbal in response to the variations in the aerodynamic 
forces. 

25 As the number and density of magnetic domains on the 
rotating disk increase, it becomes increasingly important 
that the head slider be precisely aligned over the disk to 
ensure the proper writing and reading of data to and from the 
magnetic domains. Moreover, misalignments between the 

30 head slider and the disk could result in the head slider 
"crashing" into the disk surface as the slider gimbals due to 
the close proximity of the head slider to the rotating disk at 
the slider fly height. 
The position of the head suspension and the head slider, 

35 also known as the static attitude, is calibrated so that when 
the disk drive is in operation the head slider assumes an 
optimal orientation at the fly height. It is therefore important 
that the static attitude of the head suspension be properly 
established. Toward this end, the flexure must be mounted to 

40 the load beam so that misalignments between the flexure and 
the load beam are minimized since misalignments between 
the load beam and flexure may introduce a bias in the static 
attitude of the head suspension and the head slider. It is also 
important that the load point dimple be properly formed on 

45 the head suspension so that it is properly positioned in 
relation to the head slider when the head slider is mounted 
to the head suspension. Misalignments between the load 
point dimple and the head slider may cause a torque to be 
exerted on the head slider, and thus affect the fly height of 

50 the head slider and the orientation of the head slider at the 
fly height. These concerns are emphasized when integrated 
leads are used to provide electrical interconnection since the 
bond pads of the integrated leads (to which the head slider 
is bonded) are directly affected by the positioning of the 

55 flexure. 

To assist in the alignment of the head suspension com- 
ponents and in the formation of bead suspension features, 
the head suspension typically includes reference apertures 
that are engaged by an alignment tool. The apertures are 

60 longitudinally spaced apart and are formed in the rigid 
region of the load beam. In head suspensions that include a 
separate flexure mounted to the load beam, the flexure 
includes corresponding apertures formed in the load beam 
mounting region of the flexure. The reference apertures in 

65 the load beam and the flexure are typically circular, and are 
sized and positioned so as to be substantially concentric 
when the flexure is mounted to the load beam. In an 
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approach illustrated in U.S. Pat. No. 5,570,249 to Aoyagi et proximal alignment aperture and the proximal perimeter 

al., rather than being circular, a distal aperture in the load edge of the distal alignment aperture encroaches upon the 

beam is elongated and generally elliptical. The aperture elongated alignment aperture. 

includes a "v M shaped portion at one end. The present invention is also directed to a method and 

Rigid cylindrical pins on an alignment tool are used to 5 apparatus for aligning a load beam and flexure utilizing the 

align the individual head suspension components. The rigid characteristic features set out above, 
pins are spaced apart an amount equal to the longitudinal 

spacing between the reference apertures in the components. BRIEF DESCRIPTION OF THE DRAWINGS 

The pins are inserted into and engage the apertures in the piG. 1 is an isometric view of a head slider in combination 

load beam and flexure and in this manner concentrically 10 ^ a ^ sk)n ^ accordaQce ^ the t 

align the apertures, and thus the load beam and the flexure, invention 

to one another. The components can then be fastened . . 

together, as by welding or other known processes. ^ a } 1S a view from the top of FIG. 1 of the head 

^ . , „ . , . suspension positioned schematically onto an alignment tool 

There are certain deficiencies and shortcomings associ- r .„ 4 4 . tU A Ca * a . »u i j l. 

.... , , . ~ 6 . . is for illustrating the alignment of the flexure to the load beam. 

ated with prior art head suspensions, however. Conventional » » 

reference apertures such as those described above include FIG. 3 is an exploded plan view of the head suspension of 

manufacturing tolerances that affect the interface between FIGS 1 and 2 showin & ^ dividual head suspension 

the alignment tool and the head suspension component. The components m greater detail. 

pins on the alignment tools also include manufacturing and FIG. 4 is an enlarged plan view of the portion of the head 

positioning tolerances. These tolerances are cumulative so 20 suspension shown in dashed lines in FIG. 2 showing the 

as to affect the alignment of individual head suspension alignment structure of the head suspension and its coopera- 

components, and affect the forming of head suspension &on with alignment pins of the alignment tool in greater 

features, such as a load point dimple. In addition, when detail. 

aligning individual head suspension components, the manu- FIG. 5 is plan view of a second embodiment of a head 

facturing tolerances in the apertures of the load beam and the 25 suspension also in accordance with the present invention 

flexure are "stacked" together because the head suspension having integrated leads. 

components are engaged by common alignment pins, thus FIG 5 ^ m exp loded plan view of the head suspension of 

creating additional alignment problems. An additional short- FIG. 5 showing the individual head suspension components 

coming is that the alignment pins must typically be manu- ^ greater detail 

factured somewhat undersized so as to still be useable wheo 30 FIG. 7 is a top schematic view of an alignment tool in 

the flexure and load beam apertures overlap each other to accordance t vs J to ^ bead 

create a smaller through-hole for the pins to be inserted in . \ ... ,. . . * . 

, r _ . T\ « ■ * • . . suspension components with its alignment pins in a neutral 

due to manufacturing tolerances and misalignments in the £ » r 

head suspension components. Moreover, because the pins of s a 

the alignment tool are spaced apart a fixed distance, the pins 3S FIG - 8 " a side schematic view of the alignment tool of 

may not be able to engage the reference apertures due to the FIG 7 the alignment pins in a pre-sprung state for being 

manufacturing tolerances in the apertures. positioned in apertures of the head suspension components. 

FIG. 9 is a side schematic view of the alignment tool of 

SUMMARY OF THE INVENTION FIGS. 7 and 8 with the alignment pins engaging the aper- 

. , , „ . , 40 hires of the head suspension components to align the head 

The present invention overcomes the deficiencies and ~~ ™<,«.c. 

r . . , . , . , . , , . suspension components, 

shortcomings of the prior art by providing an unproved head *" r . . _ . t _,. 

suspension for use in a dynamic storage device and for / ,G - 10 15 a t0 P schematic view of a second embodiment 

supporting a head slider over a disk surface wherein features of an alignment tool to accordance with the present inven- 

are formed in the head suspension that assist in the efficient 45 h0n USeM m P rocessm & head suspension components, 

and accurate alignment of the head suspension components. FIG. 11 is a schematic view in cross-section of the 

A head suspension in accordance with the present inven- alignment tool of FIG. 10 shown taken along line 10—10. 

tion comprises a load beam and a flexure. T fre load beam ha s DETAILED DESCRIPTION OF THE 

a proximal end and a distal end, and further comprises an INVENTION 
actuator mountin g re gion at the proxim aLend..a load. region 50 

at the distal end of the load beam, a spring reg ion positi oned The present invention is a head suspension having struc- 

distally from the actuator mounting reg ion, and a_ rigid tures useful in minimizing misalignments in the head sus- 

re gion between the s pring reg ion and the loadin g region. The pension and a method of manufacturing such a head sus- 

load beam has a first load beam aperture formed in the load pension. FIG. 1 shows a head suspension 10 in accordance 

re gion of the load beam . The flexure comp ri ses a gimb al 55 with the present invention. Head suspension 10 is used to 

reg ion and a load beam mounting re gion, and is mounte d at support and properly orient a head slider 14 over a rotating 

the distal en d of the load beam. The_flexure has a first_flexure disk (not shown) in a magnetic disk storage device, as is 

a perture form ed in the load^.a^^mounting.re^ionjbat. is known in the art. H ead suspension 10 has a lon gitudinal a xis 

adjacent and coincident with the first load beam ap erture lg^nd is comprised of a base platej^. a load [beam 20 T and 

when the flexure is al ign ed over the load beam . A n elon gated 60 a fle xure 40. Base plate 16 is mounted to a proximal end 22 

alignment aperture is formed inone of the load beam an d the o f load beam 20, and is used to attach head suspens ion J .0 

flexu re, and a proximal ali gnment apertu re and distal a lign- toanactuator (not shown) in Jhe disk drive. J£tid6£j& l is 

ment.aperture.areJormed-in thejothenoLthe lo ad be am and moun ted't ^fle xurejt O, and aTthed^k jnjhe storage device 

the_flexu re. The elongated _aperture_oyerla ps at least a rotates beneawjiead slider 14^jn_air bearing is generated 

. portion of each of Jhe proximaLaligpmept.aperture.and the 65 between slider 14 and the rotating disk which creates a lift 

distal alignment aperture so that the praxjrj^perimeter edge force on head slider 14. This lift force is counteracted by a 

ojJE^longaTed alignme^apeiturc encroaches upon^ the spring force generated by the load beam 20 of head suspen- 
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sion 10, thereby positioning the slider 14 at an alignment 20, Jjie jirst load beam aperture 36 and first flexure apertu re 

above the disk referred to as the "fly height." As described 52 will be coincident. The proximal portion of first flexure 

in greater detail below, flexure 40 provides com pliances aperture 52 can alternatively be slightly oversized as com- 

necessary to allow head slider 14J o.g imba_lJn res ponse to pared to first load beam aperture 36 to minimize material 

small variations in the air bearing generated by the rotating 5 overlap between these apertures and to provide optimal 

jjisk. tolerances at later processing steps. To assist in aligning th e 

Load beam 20 of head suspension 10 has an actuator flexure 40 and load beam 20, first load beam aperture 36 an d 

mounting region 26 at prox imal e nd jE, jijoad region 28 first flexure ape rtu re_52 can receive and be eng a ged by a fir st 

adjacent to a distal end~24, a resilient sprmglegion 30 pjn82 (see FIG. 2) otanalignment tool (shown in FIGS. 7-9 

positioned adjacent actuator mounting region 26, and a rigid 10 and described in greater detail below) to define a reference 

region 32 that extends between spring region 30 and load datum during the assembly of head suspension 10. 

region i jg. Resilient s pring region 30 generates a predeter- Additional apertures are formed in flexure 40 and loa d 

mined spring force that counteracts the Lift force of the air beam 20 to further assist in jiligning these head suspension 

bearing acting on head slider 14. Toward this end, spring components relative^ to the reference da_tum_Ae_fined at first 

region 30 can include an aperture 31 to control the spring 15 load beam a ^Srb 

force generated by spring region 30. Rigid region 32 trans- Specifically, flexure 40 includes a distal flexure aperture 54 

fers the spring force to load region 28 of load beam 20. A and a proximal flexure aperture 56. The distal flexure 

load point dimple 34 (shown in FIG. 3) is formed in lo ad aperture 54 is formed proximal of first flexure aperture 52, 

region 28, and co ntacts flexu re 40 t o transfer t he spring force an( j the proximal flexure aperture 56 is formed proximal of 

ger^mte£ by sprin g region 30 to flexurej40 and head slide r 20 distal flexure aperture 54. Distal flexure aperture 54 and 

1*4. A load point dimple can alternatively be formed i n proximal flexure aperture 56 are preferably formed along the 

flexure 4U to extend toward and cont act load region 28 of longitudinal axis 12 of head suspension 10, although other 

Jpja&j2&ami2IL arrangements can be used depending on the particular appli- 

In the head suspension shown in FIGS. l-^ L flexure 40 is cation and its alignment strategy. The first flexure aperture 

formed as a separate compon ent anH fa mounted tn load 25 $2 and the distal and proximal flexure apertures 54 and 56, 

beam 20 near the distal endL24 . Fl exure 40 includes a gi mbal respectively, can be formed using conventional techniques, 

region 42 and a load bea m mounu jgjggionj4. Load~6eam such as etching. Load beam 20, on the other hand, includes 

mounting regiorr44 u 6verlaps and is "mounted to a portion of an elongated alignment aperture 38 formed in rigid region 
rigid regi on 32 usi ng-conventional means. ^IcTT as Jggt^ 32, preferably also along the longitudinal axis 12 of head 

<^eTds^ Gimbal region 42 of flexure 40 provid es thejieces- 30 suspension 10. First load beam aperture 36 and elongated 

sary compliances to^ allow head slide r 14 to gim5al~m"both load beam aperture 38 can be formed using conventional 

pitch and roll directions about load point dim ple 3,4. in techniques, such as etching. In the embodiment shown in 

response to flu ctuations in the ai r bearing generated by the FIGS. 1-4, elongated load beam aperture 38 is positioned so 

rotating disEToward this end, gimbal region 42 includes a that at least portions of distal flexure aperture 54 and 

cantilever beam 46 having a slider mounting surface 47 to 35 proximal flexure aperture 56 are accessible when flexure 40 

which head slider 14 is attached. Cantilever beam 46 is is positioned over load beam 20. In this manner, the proxi- 

attached to cross piece 50, which is connected at each end mal perimeter edge 55 of distal flexure aperture 54 is visible 

to first and second arms 48a and 486 of flexure 40. Canti- and accessible through the elongated load beam aperture 38, 

lever beam 46 is resiliently movable in both pitch and roll and the proximal perimeter edge 39 of elongated load beam 

directions with respect to the remainder of flexure 40, and 40 aperture 38 is visible and accessible through the proximal 

thereby allows head slider 14 to gimbal. Load point dimple flexure aperture 56 during the aligning and mounting of 

34 (when formed in load region 28) contacts the surface flexure 40 to load beam 20. As described i n detail below, thi s 

opposite the slider mounting surface 47 of cantilever beam configuration of distal flexureaperture 54. proximal flex ure 

46 to transfer the spring force generated by spring region 30 aperture 56, and elongated load beam aperture 38 allows the 

of load beam 20 to head slider 14, and further to provide a 4S flexure 40~and load beam 2 0 to be engaged by separatepi ns 

point about which head slider 14 and cantilever beam 46 can ot an augnr nent tc^FiSnn^epenSentlv aligning the flex ure 

gimbal. ^O^andlfirioad beam 20 . 

Due to the high density of magnetic domains on the disk, As best shown in FIG. 4, a first pin 82, a second pin 8 4. 

and further due to the close proximity of head slider 14 to the and a third pin 86 of an alignmenUooi (shown in FIGS. 7-9 

rotating disk at the slider fly height, it is important that head 50 Wd described below) are used to align flexure 40 to load 

slider 14 be properly aligned over the disk. Toward this end, beam 20 during the assembly of head suspension 10. First 

it is highly desirable to minimize any misalignments in head pin 82 is inserted through first load beam aperture 36 and 

suspension 10, particularly with respect to the alignment of first flexure aperture 52, second pin 84 is inserted through 

the flexure 40 and the load beam 20. I Ps also high ly elongated load beam aperture 38 and distal flexure aperture 

desirable to minimize the misal ignment between tfreTead 55 54, and third pin 86 is inserted through elongated load beam 

slider 14 and the load point dimple 34 when head slide r 14 aperture 38 and proximal flexure aperture 56. Second pin 84 

is mounted to head suspension-10, and third pin 86 are then longitudinally relatively displaced 

In order to minimize the misalignments in head suspen- with respect to the first pin 82 to engage the flexure 40 and 

sion 10, head suspension 10 includes a series of apertures load beam 20. Specifically, when pins 84 and 86 are longj- 

formed in the components of head suspension 10. 60 tudinally relatively displaced with respect to the first pin 82, 

Specifically, load beam 20 includes a first load beam ape r- first pin 82 engages the distal end of the first load beam 

ture-36 formed in the rigid region 32 (near the load region aperture 36 and first flexure aperture 52. Because elongated 

28) of load beam 2 0. Flex ure 40 similarly includes a j irst load beam aperture 38 is positioned over the proximal end 

flexure aperture 52 formed in the load beam mountin g 55 of distal flexure aperture 54, second pin 84 engages the 

region 44 of flexure 40 . Fi rst load beam aperture 36 a ndiirst 65 proximal end 55 of distal flexure aperture 54 independent of 

flexure aperture 52 can be the same size and shape, but nee d load beam 20. Similarly, because proximal flexure aperture 

n ot be. and if flexure 40 is p roperl y aligned over load beam 56 is positioned over the proximal end 39 of elongated load 
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beam aperture 38, third pin 86 engages the proximal end 39 
of elongated load beam aperture 38 independent of flexure 
40. In other words, this configuration of head suspension 
apertures allows second pin 84 and third pin 86 to indepen- 
dently engage and align the flexure 40 and load beam 20, 5 
respectively, relative to reference datum at first load beam 
aperture 36 and first flexure aperture 52. Such an alignment 
process prevents the stacking of manufacturing errors in the 
head suspension apertures as is common with traditional 
head suspensions, and misalignments between the flexure 40 
and load beam 20 thus can be minimized during the assem- 
bly of head suspension 10. 

The apertures formed in the flexure 40 and load beam 20 
are preferably positioned along the longitudinal axis 12 of 
head suspension 10. In addition, elongated load beam aper- 15 
hire 38 is preferably longitudinally spaced apart from and in 
the same plane as the first load beam aperture 36, and distal 
flexure aperture 54 and proximal flexure aperture 56 are 
preferably Longitudinally spaced apart from and in the same 
plane as the first flexure aperture 52 a distance that is the 20 
maximum amount mechanically and structurally possible. 
Apertures formed in this manner will minimize the effect of 
any manufacturing tolerances in the apertures of load beam 
40 and flexure 20 and in the alignment tool during the 
alignment of flexure 40 to load beam 20. 25 

In the embodiment shown in FIGS. 1-3, and as shown in 
greater detail in FIG. 4, first load beam aperture 36, elon- 
gated load beam aperture 38, first flexure aperture 52, distal 
flexure aperture 54, and proximal flexure aperture 56 further 
include structure that efficiently minimizes transverse mis- 30 
alignments in the flexure 40 and the load beam 20 during the 
alignment and mounting of flexure 40 to load beam 20. 
Specifically, as shown in FIG. 3, the proximal perimeter 
edge 39 of elongated load beam aperture 38 and the proxi- 
mal perimeter edge 55 of distal flexure aperture 54 each 35 
include an alignment structure 60a, while the distal ends of 
first load beam aperture 36 and first flexure aperture 52 each 
include an alignment structure 606. 

As shown in FIG. 4, alignment structure 60a is generally 
comprised of a first side 62a and a second side 64a. In the 40 
embodiment shown, first side 62a and second side 64a are 
substantially linear. Because elongated load beam aperture 
38 and distal flexure aperture 54 are positioned on longitu- 
dinal axis 12, first side 62a and second side 64a preferably 
intersect at points 66a on the longitudinal axis 12 of head 45 
suspension 10. First side 62a extends from intersection point 
66a substantially distally along head suspension 10, and at 
an offset angle a from longitudinal axis 12 of head suspen- 
sion 10. Second side 64a extends from intersection point 66a 
also substantially distally along head suspension 12, but is 50 
angled from longitudinal axis 12 by offset angle a in the 
opposite direction from that of first side 62a. In this manner, 
first side 62a and second side 64a define a *V shaped 
alignment structure at the proximal end 55 of the distal 
flexure aperture 54 and at the proximal end 39 of the 55 
elongated load beam aperture 38. 

Alignment structure 60b is formed in each of the distal 
ends of first load beam aperture 36 and the first flexure 
aperture 52. Alignment structure 60b can be substantially 
similar to the alignment structure 60a in elongated load 60 
beam aperture 38 and distal flexure aperture 54 described 
above. First and second sides 62b and 64b, respectively, of 
the alignment structure 60b in first load beam aperture 36 
and first flexure aperture 52, however, extend proximally 
from intersection point 66b of the alignment structure 606 65 
rather than distally as in structure 60a, and are angled by a 
second angle p from the longitudinal axis 12. In this manner, 
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first side 626 and second side 646 define a "v w shaped 
alignment structure at the distal end of the first load beam 
aperture 36 and first flexure aperture 52. 

First side 62a and second side 64a of structure 60a 
tangenti ally engage the alignment pins 84 and 86 during the 
assembly of head suspension 10. When pins 84 and 86 are 
longitudinally displaced from pin 82, pin 82 engages align- 
ment structure 606, while pin 84 engages alignment struc- 
ture 60a in distal flexure aperture 54 and pin 86 engages 
alignment structure 60a in elongated load beam aperture 38. 
Because the intersection point 66a is coincident with the 
longitudinal axis 12 of head suspension 10, and because 
sides 62a and 64a of structure 60a are angled from axis 12 
by an equal amount, sides 62a and 64a provide opposing 
transverse forces to alignment pins 84 and 86 as the pins 
engage sides 62a and 64a. In this manner, pins 84 and 86 are 
centered on the longitudinal axis 12 of head suspension 10. 
Sides 626 and 646 of alignment structure 606 similarly 
provide opposing transverse forces to pin 82, and center pin 
82 along longitudinal axis 12 of head suspension 10. In this 
manner, the alignment structures 60a and 606 efficiently 
minimize the transverse misalignments in flexure 40 and 
load beam 20 during the assembly of head suspension 10. 

Offset angle a in alignment structure 60a can range 
between zero degrees and ninety degrees, and is preferably 
about forty-five degrees to provide sufficient transverse 
forces to second and third pins 84 and 86 as they engage 
sides 62a and 64a of structure 60a. A forty-five degree angle 
is also preferred so as to avoid producing excessive forces 
that may damage sides 62a and 64a. Second angle (3 in 
alignment structure 606 also ranges between zero degrees 
and ninety degrees, and is preferably forty-five degrees. 
Angle p can also be slightly greater than angle a so as to 
provide structure that is more easily detected by a vision 
measurement system useful in the manufacturing of head 
suspension 10. 

It is also contemplated that the alignment structures 
comprise other shapes than v -shapes. It is preferable that the 
alignment structure have the ability to self-center the flexure 
40 and load beam 20 when relative movement is provided 
between pin 82 and pins 84 and 86. The shaped edges may 
be curved, including complex curves, stepped (depending on 
pin diameters) or the like. 

While the head suspension 10 of FIGS. 1-4 shows elon- 
gated alignment aperture 38 formed in load beam 20, and the 
distal and proximal alignment apertures 54 and 56, 
respectively, formed in flexure 40, these apertures can 
alternatively be formed in the other head suspension com- 
ponent. For example, an elongated alignment aperture can 
be formed in the flexure of a head suspension and the distal 
and proximal alignment apertures can be formed in a load 
beam of a head suspension. The apertures, as described 
above, may also be provided to the flexure and load beam in 
reverse (i.e. distal and proximal alignment apertures pro- 
vided near the distal end of the head suspension component). 
In addition, other configurations for the alignment apertures 
described above can be used (i.e. side-by-side apertures). It 
is desirable that the structure utilized allows the independent 
aligning of the flexure 40 and the load beam 20 with respect 
to a defined datum. 

FIGS. 5 and 6 show a second embodiment of a head 
suspension in accordance with the present invention having 
such an alternative configuration of apertures. Many of the 
features of the second embodiment are similar to those 
shown in FIGS. 1-4 and described above, and similar 
reference numerals preceded by the prefix "1" are used to 
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described these features. Head suspension 110 of FIGS. 5 
and 6 include s a load beam 120 and flexure 140 . Integrated 
leadsTTO are formed on flexure 140 of head suspension 110 
to provide electrical interconnection between a head slider 
and circuitry in the magnetic disk storage device in which 
head suspension 110 is mounted. Integrated leads 17 0 
include one or more conductive tracesTTTthat provide suc h 
electrical interconnection, and traces 171 can te rmi nate in a 
plurality of bond pads 172 . The head slider can thus be 
mounted to bond pads 172, and bond pads 172 can be 
electrically interconnected to terminals on the head slider 
using conventional techniques, such as ultrasonic welding or 
solder balls. 

Flexure 140 includes a first flexure aperture 152 similar to 
that shown in FIGS. 1-4 and described above, and an 
el onga ted alignment a perture 154 formed proximally ot first 
flexure~aperture 152 . I^AdJbe_am„120_includes a first load 
beam aperture 136 similar to that shown in FIGS. 1-4 and 
described above, a distal alignment aperture 138 formed 
proximally of first load beam aperture 136, and a proximal 
alignment aperture 139 formed proximally of distal load 
beam aperture 138. Elongated flexure aperture 154 overlaps 
the proximal perimeter end 138a of distal load beam aper- 
ture 138, while proximal load beam aperture 139 overlaps 
the proximal perimeter end 155 of elongated flexure aperture 
154. Accordingly, the proximal perimeter edge 138a of 
distal load beam aperture 138 is visible and accessible 
through the elongated flexure aperture 154, while the proxi- 
mal perimeter edge 155 of elongated flexure aperture 154 is 
visible and accessible through the proximal load beam 
aperture 139 when flexure 140 is positioned over load beam 
120. In this manner, first load beam aperture 136 and first 
flexure aperture 152 can be engaged by a first pin on an 
alignment tool to define a reference datum, while elongated 
flexure aperture 154 receives and is engaged by a second pin 
of the alignment tool independent of the load beam 120, and 
distal load beam aperture 138 receives and is engaged by a 
third alignment pin independent of the flexure 140. Similar 
to the embodiment shown in FIGS. 1-4 and described 
above, first load beam aperture 136, first flexure aperture 
152, distal load beam aperture 138, and elongated flexure 
aperture 154 can include alignment structures 160a and 
1606 that minimizes transverse misalignments in the head 
suspension components during the assembly of head sus- 
pension 110. 

An alignment tool useful in aligning head suspension 
components in the manner described above is shown in 
FIGS. 7-9. FIG. 7 schematically shows a top view of an 
alignment tool 80 having a first pin 82, a second pin 84, and 
a third pin 86, while FIGS. 8 and 9 are side views of 
alignment tool 80 showing the alignment of the load beam 
20 and flexure 40 of FIGS. 1-4 and described above. First 
pin 82 is inserted through and engages first load beam 
aperture 36 and first flexure aperture 52 (shown in phantom 
in FIGS. 8 and 9) of head suspension 10. Second pin 84, on 
the other hand, is inserted through distal flexure aperture 54 
and elongated load beam aperture 38 (shown in phantom in 
FIGS. 8 and 9), and third pin 86 is inserted through proximal 
flexure aperture 56 and elongated load beam aperture 38 
(shown in phantom in FIGS. 8 and 9). As described in detail 
above, the configuration of elongated load beam aperture 38, 
distal flexure aperture 54, and proximal flexure aperture 56 
is such that when pin 84 and pin 86 are displaced away from 
first pin 82, pin 84 independently engages the proximal end 
55 of distal flexure aperture 54 and pin 86 independendy 
engages the proximal end 39 of elongated load beam aper- 
ture 38. In this manner, alignment tool 80 provides inde- 
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pendent tensile forces that align flexure 40 to load beam 20 
during the assembly of head suspension 10. 

First pin 82 is secured to fixed base 88 of alignment tool 
80, and is rigid along its length. Second pin 84 includes a 

5 base portion 85 and a top portion 89, while third pin 86 
includes base portion 87 and top portion 90. The top portions 
89 and 90 of second pin 84 and third pin 86, respectively, are 
preferably cylindrical in nature to provide the actual struc- 
ture for engaging the apertures of head suspension 10 in the 

!0 manner described above. The base portions 85 and 87 of 
second pin 84 and third pin 86, respectively, are preferably 
securely attached to fixed base 88, and are preferably 
rectangular in cross-section and elongated in a direction 
transverse to the direction of motion of alignment pins 84 

15 and 86. Unlike first pin 82, second pin 84 and third pin 86 
are resiliently moveable in the longitudinal direction to 
assist in the alignment of flexure 40 and load beam 20. 
Toward this end, base portion 85 of second pin 84 includes 
a spring region 81, while base portion 87 of third pin 86 

20 includes a spring region 83. A longitudinal slot 91 (shown in 
phantom) is preferably formed in the base portion 85 and a 
longitudinal slot 92 (shown in phantom) is formed in the 
base portion 87 to increase the resiliency of spring regions 
81 and 83. Spring regions 81 and 83 permit the resilient 

25 longitudinal deflection of second pin 84 and third pin 86, 
while the transverse elongation of base portions 85 and 87 
resist transverse deflection of pins 84 and 86 during the 
alignment of fle xure 40 and load beamJSO J*e siUejiLpins.84 
andjfo pe"rmit~!he'bp pin portions^ an d_9_0_to-securelv 

30 enga ge the flexure 40 and load beam 20 without dama ging 
tfcesejiarts — . ~ 

In a preferred embodiment, first pin 82, second pin 84, 
and third pin 86 are constructed of A2 grade tool steel. 
Second pin 84 and third pin 86 are 0.20 inches wide as 

35 measured in a transverse direction, and longitudinal slots 91 
and 92 are 0.15 inches wide in the transverse direction. 
These and other dimensions and materials of second and 
third pins 84 and 86 and slots 91 and 92 can of course be 
varied to create the desired resiliency for second and third 

40 pins 84 and 86. 

A number of means for providing the displacement of pins 
84 and 86, and hence for providing the longitudinal tension 
forces to flexure 40 and load beam 20, are contemplated. In 
the embodiment shown in FIGS. 7-9, the second and third 

45 pins 84 and 86, respectively, of alignment tool 80 are 
longitudinally displaced relative to first pin 82 by an actua- 
tion system 70 attached to pins 84 and 86. Actuation system 
70 is comprised of four actuation rods 72, two of which are 
attached on opposite sides of second pin 84 and the other 

50 two of which are attached to opposite sides of third pin 86. 
A cross-piece 75 is attached to the ends of actuation rods 72, 
and an actuator 74, shown schematically as a spring in FIGS. 
8 and 9, is attached to cross-piece 75 for longitudinally 
actuating the rods 72 and thus deflecting pins 84 and 86. 

55 Other configurations of actuation system 70 are 
contemplated, such as a single actuation rod 72 attached to 
both second pin 84 and third pin 86 and an actuator 74 
attached to the actuation rod 72. Other actuators, for 
example a pneumatic cylinder, a hydraulic cylinder, a 

60 mechanical linkage, combinations thereof, and the like, can 
also be used. With reference to FIGS. 8 and 9, prior to being 
inserted in the apertures of head suspension 10 as described 
above, second pin 84 and third pin 86 are longitudinally 
displaced toward first pin 82 from a neutral state to a 

65 pre-sprung state via actuator 74. First pin 82 is then inserted 
in first load beam aperture 36 and first flexure aperture 52, 
while second pin 84 is inserted through elongated load beam 
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aperture 38 and distal flexure aperture 54, and third pin 86 
is inserted through elongated load beam aperture 38 and 
proximal flexure aperture 56. Actuator 74 is then released, 
thus releasing pins 84 and 86 from the pre-sprung state. 
Resilient spring regions 81 and 83 of pins 84 and 86, 
respectively, urge pins 84 and 86 longitudinally away from 
first pin 82 and back toward the neutral state. This in turn, 
brings second pin 84 into engagement with the proximal end 
55 of distal flexure aperture 54 and third pin 86 into 
engagement with the proximal end 39 of elongated load 
beam aperture 38. In this manner, alignment tool 80 provides 
independent longitudinal tension forces to flexure 40 and 
load beam 20 to align these head suspension components 
during the assembly of head suspension 10. The flexure 40 
can then be mounted to load beam 20 in a conventional 
manner, such as by welding. To remove tool 80 from head 
suspension 10, pins 84 and 86 can then be displaced back 
toward first pin 82 and into the pre-sprung state by actuator 
74 to release pins 84 and 86. Head suspension 10 can then 
be removed from alignment tool 80. 

A second means for providing a longitudinal tension force 
to a head suspension component is included in a second 
embodiment of an alignment tool shown in FIGS. 10 and 11. 
Alignment tool 180 is particularly useful for the processing 
of individual head suspension components, including pro- 
cesses applied after assembly of the load beam and flexure. 
As with alignment tool 80 of FIGS. 7 and 8, alignment tool 
180 includes a first pin 182 rigidly mounted to a fixed base 
188 of alignment tool 180 and a flexible second pin 184. 
First pin 182 is preferably press-fit in a hole in fixed base 188 
to enable the efficient removal and replacement of pin 182 
as necessary. Second pin 184 is mounted to a moveable base 
190 that is operatively positioned adjacent an actuating 
block 210. Second pin 184 is also resiliency moveable at top 
portion 186 of pin 184 to prevent damaging the head 
suspension component. Toward this end, second pin 184 is 
preferably constructed of M2 grade tool steel, and is 0.13 
inches in height. Other materials and dimensions can of 
course be used to create the desired resiliency in second pin 
184. Second pin 184 extends through a slot 220 through the 
fixed base 188 of tool 180, which longitudinally guides pin 
184 and limits transverse deflections of pin 184. Actuating 
block 210 includes an inclined plane 189, and moveable 
base 190 includes a cooperating inclined plane 191 
(preferably of the same slope) adjacent inclined plane 189 of 
actuating block 210. A spring 196 is shown schematically 
positioned between a surface on the opposite side of move- 
able base 190 than inclined plane 191 and any stationary 
portion of tool 180. Spring 196 provides a horizontal force 
to moveable base 190 that keeps inclined plane 191 engaged 
with the inclined plane 189 of actuating block 210. While 
alignment tool 180 is shown having only first and second 
pins 182 and 184, respectively, additional pins can be 
provided as necessary for engaging apertures in the head 
suspension component such as for use in an alignment 
process as described above. 

The top surface of alignment tool 180 is adapted to 
support a head suspension component for processing of the 
head suspension component, and toward this end, tool 180 
includes a processing station 200 at the top surface of the 
tool. For example, processing station 200 can be used to 
form a load point dimple in a load beam or a flexure of a 
head suspension, can be used to mount a head slider to the 
slider receiving surface of the flexure, or can be used to align 
individual head suspension components. A head suspension 
component, such as a load beam, having reference apertures 
of the type described above is placed on alignment tool 180 
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in such a manner that first pin 182 is inserted through a first 
aperture in the load beam to extend above the top surface of 
the load beam, while second pin 184 is inserted through a 
second aperture in the load beam to extend above a top 

5 surface of the load beam. Actuating block 210 is then 
subjected to an upward vertical displacement, such as with 
a pneumatic cylinder or any other known or developed 
actuation means, causing inclined plane 189 of actuating 
block 210 to exert a horizontal force on inclined plane 191 

10 of moveable base 190. This in turn longitudinally displaces 
second pin 184 away from first pin 182, and causes the 
second aperture of the load beam to be engaged by the 
second pin 184 of tool 180. Second pin 184 can be flexible 
to maintain the longitudinal force on the load beam without 

15 damaging the load beam. Processing of the load beam, such 
as forming a load point dimple in the load region of the load 
beam, can then occur at processing station 200. After 
processing is completed, a downward vertical displacement 
is applied to actuating block 210, and spring 196 exerts an 

20 opposing horizontal force on moveable base 190. This in 
turn releases pins 182 and 184 from engagement with the 
apertures of the load beam. The head suspension component 
can then be removed from the alignment tool 180. 

Although the present invention has been described with 

25 reference to preferred embodiments, those skilled in the art 
will recognize that changes may be made in form and detail 
without departing from the spirit and scope of the invention. 
What is claimed is: 

1. A head suspension for supporting a head slider over a 
30 rigid disk in a dynamic storage device, the head suspension 

having a longitudinal axis, comprising: 

a load beam having an actuator mounting region at a 
proximal end, a loading region at a distal end, a spring 
region distal of the actuator mounting region, a rigid 
35 region between the spring region and the loading 
region, and a first load beam aperture; 
a flexure mounted at the distal end of the load beam, the 
flexure comprising a gimbal region, a load beam 
^ mounting region overlapping a portion of the rigid 
region of the load beam, and a first flexure aperture 
formed in the load beam mounting region of the flexure 
at least partially adjacent to the first load beam aper- 
ture; 

45 a proximal alignment aperture and a distal alignment 
aperture formed in one of the load beam and the 
flexure; and 

an elongated alignment aperture formed in the other of the 
load beam and the flexure having the proximal align- 

50 ment aperture and the distal alignment aperture, the 
elongated alignment aperture overlapping at least a 
portion of each of the proximal alignment aperture and 
the distal alignment aperture so that a proximal perim- 
eter edge of the elongated alignment aperture is acces- 

55 sible through the proximal alignment aperture and the 
proximal perimeter edge of the distal alignment aper- 
ture is accessible through the elongated alignment 
aperture. 

2. The head suspension of claim 1, wherein the elongated 
60 alignment aperture is formed in the rigid region of the load 

beam, and the proximal and distal alignment apertures are 
formed in the load beam mounting region of the flexure. 

3. The head suspension of claim 2 wherein the first load 
beam aperture, the elongated alignment aperture, the first 

65 flexure aperture, the proximal alignment aperture, and the 
distal alignment aperture are positioned along the longitu- 
dinal axis of the head suspension. 
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4. The head suspension of claim 3 wherein the first load 
beam aperture and the first flexure aperture include a shaped 
alignment structure at a distal perimeter edge of each of the 
first load beam aperture and the first flexure aperture, each 
alignment structure comprising: 5 

a first edge portion extending from an intersection point 
on the longitudinal axis proximally along the head 
suspension, the first edge portion being angled from the 
longitudinal axis by a first offset angle; and 

a second edge portion extending from the intersection 10 
point proximally along the head suspension, the second 
edge portion being angled from the longitudinal axis in 
an opposite rotational direction from that of the first 
edge portion by the first offset angle. 

5. The head suspension of claim 4 wherein the first offset 15 
angle is 45°. 

6. The head suspension of claim 4 wherein the proximal 
perimeter edge of the elongated alignment aperture and the 
proximal perimeter edge of the distal alignment aperture 
each include a shaped alignment structure, each alignment 20 
structure comprising: 

a first edge portion extending from an intersection point 
on the longitudinal axis distally along the head 
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suspension, the first linear portion being angled from 
the longitudinal axis by a second offset angle; and 

a second edge portion extending from the intersection 
point distally along the head suspension, the second 
edge portion being angled from the longitudinal axis in 
an opposite rotational direction from that of the first 
edge portion by the second offset angle. 

7. The head suspension of claim 6 wherein the second 
offset angle is 45°. 

8. The head suspension of claim 1, wherein the flexure 
further includes at least one integrated lead bonded to the 
flexure for providing electrical interconnection between the 
head slider and circuitry of the dynamic storage device. 

9. The head suspension of claim 8, wherein the integrated 
lead includes at least one bond pad positioned in the gimbal 
mounting region of the flexure, the bond pad for supporting 
the head slider in a desired orientation relative to the disk 
and providing electrical interconnection between the head 
slider and the circuitry of the dynamic storage device. 

* * * * * 
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